Liver cirrhosis (LC) is an inflammatory process associated with impaired functions in adaptive and innate immune responses at both systemic and local levels, also referred as Cirrhosis-Associated Immune Dysfunction. In this study, we evaluated the functionality of neutrophils from ascitic fluid (AF) of patients with hepatic cirrhosis by testing their ability to generate neutrophil extracellular traps (NETs) in vitro. To further determine the activation state of neutrophils, expression of the activation markers CD66b, CD69, and CD80 on these cells was analysed by flow cytometry. The inflammatory environment in AF was assessed by measured concentration of pro-and anti-inflammatory cytokines. Samples were collected from 40 patients with LC, 20 of them with uncomplicated ascites (ASC) and 20 with spontaneous bacterial peritonitis (SBP). Peripheral blood (PB) neutrophils from healthy individuals were used as control (HC). Our results revealed a significant decrease in the release of NETs in neutrophils from the SBP group compared with HC. Low expression of CD69 and CD80 on neutrophils from AF of SBP patients was also observed. Comparisons of inflammatory cytokine levels in AF from the different study groups (SBP and ASC) revealed significant differences.
| INTRODUCTION
Patients with liver cirrhosis (LC) present several clinical complications that aggravate their condition, including jaundice, oesophageal varices, hepatorenal syndrome (HRS), and spontaneous bacterial peritonitis (SBP). In addition to these complications, cirrhotic patients can develop Cirrhosis-Associated Immune Dysfunction (CAID) that affects both innate and adaptive responses. 1 The liver performs an important immune surveillance activity due to its double irrigation; systemic, and portal. The liver along with the spleen is part of the reticulum-endothelial system, in the former this system is mainly composed of Kupffer cells and endothelial cells. Kupffer cells reside on the luminal side of the liver vasculature, capturing and eliminating both bacteria and insoluble waste. Via endocytosis, endothelial cells eliminate waste product as well. Both cell types can act as Antigen presenting cells (APCs). Also, there are populations of T and B lymphocytes scattered across the liver, as well as NK, NKTs, and Tγδ cells. Hepatocytes synthesize important components of the humoral immunity such as complement system factors, soluble pattern recognition receptors (PRRs), and acute phase reactants in response to IL-6. A delicate balance between tolerance and immune responses must be maintained in the liver. 2 Cirrhosis of any aetiology generates local inflammation due to a release of Damage-associated molecular patterns (DAMPs) by necrotic hepatocytes, this leads to fibrosis and loss of the hepatic tissue architecture, disrupting the surveillance function of Kupffer cells. As a consequence, the clearance of both bacteria and endotoxins are reduced. In addition, a slow intestinal transit promotes microbiota overgrowth and disruption of the intestinal mucosal epithelium barrier creating a vicious circle of bacteraemia and a continuous stimulation of the immune system by Pathogenassociated molecular patterns (PAMPs), generating both local and systemic inflammation. 1, 3 This systemic inflammatory state has a detrimental effect on circulating immune cells such as neutrophils, monocytes, T, B and NK lymphocytes. In mononuclear cells and neutrophils opsonization, bactericidal, and phagocytic functions are impaired due to a decrease in complement factors and soluble PRRs, as well as deficiencies in chemotaxis. 1 One important complication in cirrhotic patients is SBP; which is a sudden infection and inflammation in both the peritoneum and the ascitic fluid (AF). SBP diagnosis is made by AF analysis. The most common infection marker is a PMNs/mm 3 count ≥250 in AF. An important complementary diagnostic test is AF culture, which is made through paracentesis of AF under sterile conditions collected in a blood culture bottle for both aerobic and anaerobic bacteria. In the case of bacterial growth detection after incubation, subcultures are performed to isolate the causal micro-organism. Nevertheless, cultures have been reported as negative in approximately 60% of patients. Thus SBP diagnosis is made independently of the culture result. 4 Regarding the SBP diagnostic test by PMN count in AF, the mechanism that mediates PMN recruitment plays an important role because neutrophil migration and accumulation in the peritoneal cavity are regulated by several factors, including chemotactic agents released by resident macrophages in the peritoneum, these cells are the first to respond to peritoneal infection. 5 There is a relative neutropenic state in cirrhosis due to portal hypertension-induced splenic and splanchnic sequestration. 6 SomestudieshavealsoshownthatneutrophilsofLCpatientshave defectsintheproductionofoxygenradicals,primarilysuperoxide anionsandhydrogenperoxide,whichareessentialforeliminating bacteria through the activation of various microbicidal mechanisms,suchasneutrophilextracellulartraps(NETs). 7 NETshave been described as an extracellular mechanism that captures and eliminates micro-organisms. The NETs structure is composed mainlyofnuclearchromatinassociatedwithhistones andgranularproteins;neutrophilelastaseandmyeloperoxidase. 8 Deficient production of oxygen radicals by the neutrophils of cirrhotic patients has been described. 7, 9, 10 Since NAPDH activation and ROS production are an important requirement in NETs production, 11 this may reduce the ability of neutrophils to release extracellular traps into the peritoneal fluid, thus contributing to the high incidence of bacterial infections common in these patients.
In addition to this, we have previously reported that NETs release capability is impaired in neutrophils from peripheral blood (PB) of patients with LC, this impairment is proportional to the degree of decompensation of the disease. 12 To evaluate the importance of the microbicidal capacity of neutrophils in the peritoneal cavity of cirrhotic patients, this study assessed the ability of neutrophils from AF of patients with cirrhosis and SBP to produce NETs. We also analysed the expression of activation markers on these neutrophils (CD69 and CD80). Finally, we determined the concentrations of pro-and anti-inflammatory cytokines (IL-8, IL-6, TNF-α, IL-1β, IL-12, IL-10, and IL-1Ra) in the AF of LC patients with ASC and SBP.
| MATERIALS AND METHODS

| Study population
| Patients
AF samples were collected from 40 patients with LC. Patients were divided into two groups: patients with decompensated cirrhosis who presented ascites (ASC) but not SBP (ASC group: n = 20) and patients with decompensated cirrhosis with ASC and SBP (SBP group: n = 20). AF samples were obtained by paracentesis under sterile conditions. All patients were recruited from the Gastroenterology Service of the Hospital Civil "Fray Antonio Alcalde". LC diagnosis was established by clinical, laboratory, radiological and/or liver biopsy analyses, whereas SBP diagnosis was conducted by PMN count in AF. A count of ≥250 PMN/μL was established as confirmatory of the diagnosis in the SBP group.
| Control group
Healthy subjects (n = 20) paired in age and gender with the patients were recruited in order to obtain neutrophils from PB and compare the capability of NETs formation.
The study was performed in accordance with the Helsinki Declaration and Mexican Regulations for Human Health Research. Patients were asked to confirm their authorization by signing an informed consent form.
| Blood samples
Samples of PB were drawn by venipuncture from HC, SBP, and ASC groups in order to obtain neutrophils. The samples were collected in 6 mL EDTA tubes.
| Neutrophil collection
Neutrophils from PB of all groups and AF from SBP group were obtained using the Ficoll Histopaque 1119/1077 density gradient technique (Sigma Aldrich Co., St. Louis, MO, USA), for AF the cellular button was suspended in 4 mL of Hank's solution. Neutrophils from AF of ASC group could not be collected because sterile AF contains none or few of these cells. After separation, neutrophils were washed twice with phosphate-buffered saline (PBS) and re-suspended in 1 mL of Roswell Park Memorial Institute medium (RPMI 1640; Sigma Aldrich Co.). Cell counts and viability were obtained by Trypan Blue cell staining (Sigma Aldrich Co.) in a Neubauer chamber considering a 95% of viability.
| In vitro induction of NETs
In vitro induction of NETs was performed with phorbol 12-myristate 13-acetate (PMA) (Sigma Aldrich Co.). First, 5 × 10 5 PMN in 1 mL of RPMI supplemented with 2% of autologous serum, were added to coverslips (previously treated with pure and 70% ethanol rinses and poly-L-lysine) in sterile polystyrene plates and incubated with 50 nmol/L of PMA at 37°C and 5% CO 2 for 3 hours. Then, coverslips were washed twice with PBS and fixed with 4% formaldehyde for 20 minutes at room temperature and washed again twice. Two principal components of the NETs were stained: DNA and elastase. DNA staining was performed by the addition of 100 μL of 4′,6-diamidino-2-phenylindole (DAPI) (Sigma Aldrich Co.) (1 μg/mL) for 1 hour at room temperature. Then the coverslips were incubated with 5% Triton X-100 for 1 minute, washed thrice with PBS and then incubated with 20% foetal bovine serum (Gibco Co., Waltham, MA, USA) for 30 minutes at 37°C. After, coverslips were incubated with anti-elastase primary antibody (Ab21595; Abcam, Inc., Cambridge, MA, USA) for 1 hour at 37°C and washed thrice with PBS. Finally, Alexa Fluor ® 488-conjugated secondary antibody (Ab150069; Abcam, Inc.) was added following the same procedure. Samples were observed with a Zeiss Axio Imager A2 fluorescence microscope, and images from six random but representative fields of each sample were obtained with 10× and 40× magnification and analysed with "Image J software". Quantification of NETs was performed by microscopy according to the method described previously by Hosseinzadeh et al (2012) . 13 The total number of cells was recorded. NET-forming cells were expressed as a percentage of total events. ). The analysis focused on granulocyte populations based on forward and side light-scattering characteristics (FS vs SS). A second electronic window was performed in the CD16b+ CD11b+ population and evaluated by the percentage of positive cells and mean fluorescence intensity (MFI) based on the expression of CD66b, CD69, and CD80.
| Immunological phenotype of neutrophils
| Cytokine quantification
Concentrations of pro-inflammatory and anti-inflammatory cytokines IL-6, tumour necrosis factor alpha (TNF-α), IL-1β, IL-12, IL-8, IL-10, and the interleukin-1 receptor antagonist (IL-1Ra) were determined in AF of both ASC and SPB patients, following the manufacturer's specifications for the Human Inflammatory Cytokine kit (BD ™ , Franklin Lakes, NJ, USA, Cytometric Bead Array (CBA), 551811). Samples were analysed in a BD ™ FacsCanto ™ II Flow Cytometer, and FCAP Array ™ software was utilized to analyse the obtained data.
| Statistical analysis
Data are presented as means ± standard deviations (SD). Statistical analyses were performed using the SPSS v.20 statistical software package. Comparisons were performed by nonparametric tests employing the Friedman and/or Mann-Whitney U test. Findings were considered significant when P < 0.05.
| RESULTS
The baseline demographic, clinical, and laboratory characteristics of patients are shown in Table 1 . Forty patients with LC were included in the study: 20 with ascites but not SBP (ASC-group) and 20 with both AF and SBP (SBP-group). The aetiology of LC in the patients was as follows: alcoholic, 85% (n = 34); HCV infection, 10% (n = 4); and other, 5% (n = 2). None of the patients was receiving any type of medical treatment at the time of sampling.
| Expression of CD66b, CD69, and CD80 on peritoneal neutrophils from cirrhotic patients
Under normal conditions neutrophils in AF are scarce or absent (<250 PMN/μL) thus, neutrophils from AF can only be collected from cirrhotic patients with active infections in the peritoneal fluid (SBP group). Due to this, it was not possible to compare the expression of activation markers on neutrophils from AF between the two patient groups (ASC vs SBP) evaluated in this study. However, a descriptive determination of CD66b, CD69, and CD80 on neutrophils from the AF of patients with SBP was performed and compared with expression on PB neutrophils from HC and patients with ASC; we observed a decreased expression of activation markers on neutrophils from PB and AF in SBP group when compared with neutrophils from PB of ASC and HC groups, however, this difference was not statistically significant. Peritoneal AF neutrophils from patients with SBP exhibited high CD66b (95.16 ± 6.18) expression but low expression of the activation markers CD69 (13.67 ± 12.76) and CD80 (15.76 ± 11.52), similar results were found in MFI CD66b (388.13 ± 206.16), CD69 (84.84 ± 48.42), and CD80 (72.40 ± 32.70) (Figure 1 ).
| Cirrhotic patients exhibit low levels of NET formation
To assess the ability to release NETs, neutrophils from both the AF and PB of patients with SBP were stimulated with PMA. Upon analysing the images obtained by fluorescence microscopy, we observed a mean percentage of NETs of 45.13 ± 5.84 in neutrophils from AF, whereas neutrophils from PB showed a mean percentage of NETs of 10.50 ± 3.46. In order to compare these results, we evaluated the ability for NET release in neutrophils from PB of healthy controls. Neutrophils from AF and PB of the SBP group exhibited a reduced NET release capacity compared with neutrophils from the PB of the HC (neutrophils from the PB of HC: 66.40 ± 10.76; neutrophils from the PB of SBP patients 10.50 ± 3.46; neutrophils from AF of SBP patients: 45.13 ± 5.84, Figure 2 ).
| Predominantly increased levels of antiinflammatory cytokines in peritoneal fluid
We quantified levels of pro-inflammatory cytokines (IL-6, TNF-α, IL-1β, IL-12, and IL-8) and anti-inflammatory cytokines (IL-10 and IL-1Ra) in AF from ASC and SBP groups. Upon comparing the levels of these cytokines in AF from our two groups of patients, we observed predominantly increased levels of anti-inflammatory cytokines in the AF of patients with SBP vs ASC: IL-6 (16784. 10 Comparisons of the concentrations of IL-8, IL-1β, TNF-α, and IL-12 revealed no significant differences. However, it is important to note that high levels of IL-8 were noted in the AF of both study groups (Figure 3 ).
| Correlative analysis
Correlation coefficients were calculated among the percentage of NETs; expression of CD66b, CD69, CD80; and levels of IL-6, TNF-α, IL-1β, IL-12, IL-8, IL-10, and IL-1Ra. As shown in Table 2 , the level of IL-1β in AF was positively correlated with the ratio of TNF-α and IL-10 (r = 0.809, P = 0.032; and r = 0.571, P = 0.002 respectively).
In addition, there was a positive correlation between the levels of IL-6 with IL-1Ra (r = 0.463, P = 0.044) and between the anti-inflammatory cytokines IL-10 and IL-1Ra (r = 0.518. P = 0.048).
No correlation was found among the percentage of NETs; the expression of CD66b, CD69, and CD80 with the cytokine levels.
| DISCUSSION
In cirrhotic patients, the constant stimulation of the immune system by enteric bacteria leads to a persistent and chronic In this study, we found that neutrophils from the AF of cirrhotic patients with SBP exhibit similar expression of activation molecules, such as CD66b, CD69, and CD80 compared with PB neutrophils from healthy subjects and patients with ascites ( Figure 1 ). It would be expected that under PAMPs and DAMPs stimuli related to bacterial infection and tissue damage present in LC, the activation markers were increased, however, our results suggest that cells from SBP patients are unable to increase the expression of these activation molecules. These results could indicate that in chronic inflammatory-infectious states, inflammatory mediators may decrease the capacity of activation of neutrophils and therefore the expression of activation molecules, impairing neutrophils effector mechanisms.
In agreement with this, Schmidt et al 14 demonstrated that neutrophils stimulated with Staphylococcus aureus supernatant showed a decreased phagocytic, oxidative burst, and bacterial killing activity. The failure to increase the expression of activation molecules in neutrophils from cirrhotic patients could diminish their functional capacity, causing them to be unable to eliminate pathogens and thus maintaining the inflammatory state and increasing the vulnerability to infections.
In this context, we found that neutrophils from both the PB and AF of LC patients with SBP exhibited a reduced capacity to release extracellular traps compared with neutrophils from the PB of healthy subjects. It is noteworthy that in the SBP-group, the PB neutrophils formed fewer NETs than the AF neutrophils.
Engelmann et al 9 reported that oxidative and phagocytic function of neutrophils from AF is diminished compared with PB neutrophils, and even can be partially restored by incubating AF neutrophils with autologous serum, however, it is important to note that NETosis and phagocytosis are opposite phenomena since phagocytosis sequesters elastase into the phagolysosome being unable to be used in NETs production, [15] [16] [17] this could explain the contrast between both impaired mechanisms. A recent study showed that elevated levels of resistin in AF of patients with SBP are related with decreased oxidative burst and NETosis in neutrophils from HC, this reinforces the previous hypothesis that the presence of inflammatory and anti-inflammatory local factors in AF causes the dysfunction in neutrophils and other cells. This same factors (ie resistin) could act in systemic level explaining why we found a deeper failure in PB neutrophils in our SBP patients. 18 In addition, ROS production in neutrophils is dependent on the functional capacity of NADPH oxidase. ROS is not only essential for phagocytosis but is also crucial in the release of NETs. 11, 19 In patients with SBP, the failure in the NADPH oxidase function could contribute to the impaired NETs formation and may be mediated by excessive secretion of molecules such as pro-and anti-inflammatory cytokines and resistin. On the other hand, considering that platelets can recognize PAMPs through TLR4 and that activated platelets can interact with neutrophils and prompt them to release NETs in presence of bacterial or inflammatory stimuli, 15 and that patients with LC characteristically present thrombocytopenia, 6 this could be another mechanism involved in the reduced capacity to release extracellular traps from the neutrophils of patients. However, additional research is required to support this hypothesis. Although evidence for microbicidal activity of NETs is ambiguous and there are few studies that probe their contribution to limit human infections in vivo, 17, 21 NETs have been proposed as a backup host defence mechanism when phagocytosis and other microbicidal mechanisms of neutrophils are not useful. 16 The fact that neutrophils of cirrhotic patients present both impaired phagocytosis and NETosis leaves the peritoneum of these patients without any of these effector mechanisms, turning them susceptible to present reiterative episodes of SBP. This supports a protective role of NETs when the other bactericidal mechanisms fail or are unavailable.
In agreement with other studies, our results demonstrate that pro-inflammatory cytokine levels are increased in the AF of patients with SBP compared with ASC patients. We observed increased levels of IL-6 in AF from SBP patients compared with ASC patients. These results are also similar to those reported by Nieto et al, 22 who observed higher levels of IL-6 in AF from patients with SBP compared with AF from patients with ASC, the IL-6 was positively correlated with the percentage of neutrophils in AF. Furthermore, recently the same group have also reported that levels of resistin produced by neutrophils, positively correlates with IL-6 levels, contributing to the impaired function of neutrophils. 18 Suliman et al 23 also observed higher levels of IL-6 in both serum and AF from patients with SBP vs patients with ASC, in contrast to our results they also found elevated levels of TNF-α in their patients, although it is noteworthy that they measured the cytokine concentrations by a different method (ie ELISA).
In this study we also found increased concentrations of the anti-inflammatory cytokines IL-10 and IL-1Ra in AF from patients with SBP compared with the levels in AF from patients with ASC. Several studies have shown an increase in IL-10 and IL-1Ra concentrations in both the serum and AF of cirrhotic patients. In the study of Nieto et al 22 IL-10 levels correlated positively with the concentration of IL-6, proposing that IL-10 is induced in response to IL-6, they also found that IL-10 levels correlated with the presence of macrophages with low granularity and impaired function in AF. The authors argue that the synthesis and secretion of high levels of IL-10 and IL-1Ra are synthesized to regulate the inflammatory process. [24] [25] [26] Moreover, in the recent study of Nieto et al 18 a positive correlation between resistin and IL-1Ra levels and between IL-1Ra and IL-6 was observed, levels which coincides with our results, the authors propose that resistin indirectly downregulates neutrophil function through their interaction with macrophages. According to our and previous results, more research is required to elucidate the relationship between the variety of molecules and factors present at the local/ systemic microenvironment, and the CAID.
| CONCLUSIONS
Our results demonstrate that both PB and AF neutrophils from cirrhotic patients with SBP have an impaired production of NETs. Along with the previously reported defects in phagocytosis and oxidative activity in neutrophils, this leads to an increased susceptibility to repetitive and persistent bacterial infections such as SBP. At the same time, this is part of the CAID as a result of exhaustion of immune cells by repeated activation with DAMPs, PAMPs, and cytokines. We also found increased levels of pro- 
